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ABSTRACT

The upper Mississippian Fayetteville Formation in north
ern Arkansas is primarily a calcareous black shale, but in
some localities the upper one third to one half of the for
mation is made up of alternating black shales and lime
stones.

Comparable lithologies have ben suggested by some

(Hallam, Ricken, Kent, and Sujkowski) to have been created
by the diagenetic segregation of carbonate from calcareous
shale.
Petrographic thin section analysis reveals that the low
est limestone beds of the rhythmic upper Fayetteville are
made up almost entirely of microspar and all fossil material
is recrystallized, even to the point of obliteration in some
cases.

The intervening calcareous shales contain generally

smaller but better preserved fossils and are usually some
what dolomitic.

Faunal differences between the limestones

and shales were observed.

The limestones and shales immedi

ately below the rhythmic part of the section are generally
much more fossiliferous and more phosphatic than the rhyth
mic lithology.
The organic material present is amorphous and most
likely algal in origin.

Hydrocarbon analysis indicates that

oil generation has occurred and that free or adsorbed hydro
carbons are present in the rock.
Evidence of diagenetic segregation such as destruction
of fossils in shaley beds, lateral variation in limestone
bed thickness, and lack of correlation between carbonate

I l l

rhythms and sedimentary or faunal variations was not found.
Primary structures and faunal variations suggest that a
change in the depositional environment initiated deposition
of the rhythmic lithology, and that periodic changes in sed
iment deposition created the rhythmic lithology.
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I. INTRODUCTION

A. PURPOSE OF INVESTIGATION

This study was undertaken to investigate deposition
and diagenesis in the rhythmic limestone and shale beds in
the upper part of the Fayetteville Formation near Marshall,
Arkansas (figures 1 and 2).

The investigation employs

petrographic, paleontologic, stratigraphic, and mineralogic
methods to determine the extent and approximate timing of
diagenetic events.

The investigation was prompted by the

similarity of these upper Fayetteville beds to rhythmic
limestone-shale sequences that have been postulated to have
been created by diagenetic unmixing of carbonate and clay
minerals (Sujkowski, 1958).
Examples of this type of lithology are the early
Jurassic Blue Lias of England (Halam, 1963 and Kent, 1936),
and the Upper Jurassic in southwest Germany (Ricken, 1985).
The upper Fayetteville sequence is not as thick as
these other rhythmic sequences, but it is similar to them
in that it is made up of decimeter scale thicknesses of
alternating microsparitic limestones and shale ox marl.
The Fayetteville sequence is organic-rich which is also
characteristic of these sequences.
This investigation is intended to reveal the extent and
timing of diagenesis and to suggest a cause for the

2

Figure 1. Roadcut in the Fayetteville
Formation along Highway 65 just south of
Marshall, Arkansas. Location: NE 1/4,
NW 1/4, SE 1/4 , section 31, T. 15 N . , R.
15 W.

3

Figure 2. Outcrop area of Fayetteville Formation in Arkansas,
scale 1: 3,500,000

4

rhythmicity of the sequence.

It is hoped that this study

will help in establishing criteria that can be used to iden
tify primary and secondary rhythms.

This study will also

reveal the changes in sedimentation that accompanied the
beginning of the rhythmic deposition. Another aspect of the
study is that it indicates the timing of porosity reduction
in an organic-rich sequence, and may have implications for
porosity reduction in petroleum source rocks.
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B. LITERATURE

The Fayetteville Formation was first described by F.W.
Simmonds in 1888.

He assigned this name to the black shale

in the Fayetteville, Arkansas area that occurs above the
Batesville Sandstone (his Wyman Sandstone) and below the
Wedington Sandstone Member (his Batesville Sandstone).
Subsequent investigations indicated that Simmonds1 Wyman
Sandstone correlated with the Batesville Sandstone of
northeast Arkansas, and in 1905 the Fayetteville Formation
was defined as the entire interval above the Batesville
Formation and below the Pitkin (Adams and Ulrich).

This is

the definition used today.
Other early workers who further defined or
characterized the Fayetteville include Adams and Ulrich
(1905) and Croneis (1930).

Adams and Ulrich (1905)

described the Fayetteville in the type area: "This formation
consists principally of a bed of black or dark gray
carbonaceous shale, which is usually thinly laminated.

As

a rule a more or less definite bed of hard, dark gray or
blue, fossiliferous, limestone occurs at or a few feet above
the base of the formation.

Frequently also there are some

highly fossiliferous thin layers of limestone near the top.
The shales making up the middle part of the formation are
probably always lighter colored than those constituting the
lower one third to one half of the thickness.

Commonly the

color of this middle part varies from gray to yellow, while
its lithologic character ranges, according to the proportion

6

of siliceous matter contained in it, from a shale to a true
sandstone.

Where the latter phase predominates this portion

of the formation is distinguished as the Wedington Sandstone
Member.”
Croneis (1930) discusses the lateral variation of the
lithology of the Fayetteville all along its outcrop area,
and describes the extent of the outcrop area in Arkansas
and in Oklahoma.
E.L. Clark (1941) was the first to report the presence
of outliers of the Fayetteville Formation in Missouri.

Its

distribution in Missouri is limited to the extreme
southwestern counties of the state. In these outliers the
Fayetteville is generally a dark gray calcareous shale with
carbonate concretions.
In "Geology of the Flanks of the Ozark Uplift”, G.G.
Huffman (1958) discusses the Fayetteville as it occurs in
Oklahoma.

The Fayetteville in Oklahoma is only found in

the northeastern part of the state, from Vinita to Gore and
eastward to the Arkansas border.

The distribution of the

Wedington is limited in Oklahoma and is not found west of
Stilwell.

In most places where it can be found outcropping

in Oklahoma, the Fayetteville looks much as it does in the
Marshall, Arkansas area, with a lower black shale and an
upper part composed of alternating limestone and shale beds
that grade upward into the Pitkin Formation.

A

fossiliferous black limestone also occurs near the base of
the Fayetteville in much of northeastern Oklahoma (Kroger
Limestone of Taylor, 1964) .

7

Huffman points out that the Fayetteville is a
potential petroleum source rock because of its high organic
content.

Several authors have suggested the Fayetteville

Shale as a potential source rock and the Wedington as a
potential reservoir rock (Croneis,1930; Frezon and
Glick, 1959).

Croneis (1930) noted the presence in the

Fayetteville of concretions that contain liquid
hydrocarbons, and mentioned two test wells in which there
were shows of oil and gas in the Fayetteville. However,
only Frezon and Glick (1959) reported gas production from a
sandstone in the Fayetteville (the Wedington?) in a field
in Franklin County.

The economic importance of the

Fayetteville is otherwise limited to the past production of
decorative black "marble” and terrazzo (Parks et al.,
1932)
Concretions have long been noted in the Fayetteville
(e.g, Simmonds, 1891).

They often have a septarian

structure, and many are pyritic or sideritic (Zachry). They
have been investigated by Zachry (1964) and Guccione (1985).
All of the investigators suggest that the concretions formed
prior to compaction, except Zachry, who determined that some
types of pyritic concretions were formed after compaction of
the shale.
Other sedimentary structures in the Fayetteville
include the slump features that are found in the upper part
of the Fayetteville in the area of Alco, Arkansas. A study
by Spreng of these structures was published in 1967.
In this area the lithology of the upper Fayetteville is

similar to that in the Marshall area, except that it is
much more siliceous.

The limestones and silicified

limestones are contorted by slumping that apparently
occurred after silicification, but before complete
lithification of the sediment.

This would indicate that

silicification occurred soon after deposition.

Evidence

suggests that sliding was generally from north to south.
Description of the fossil fauna and/or flora of the
Fayetteville has been done in several areas, primarily in
the type area (Croneis, 1930), and in areas where the
fossiliferous Kroger Limestone occurs (Taylor, 1964).

The

only work found on the fauna of the Fayetteville in the
Marshall, Arkansas area is in Gordon's report on the
Carboniferous cephalopods of Arkansas (1964).
The most recent important works on the Fayetteville
are by Price (1981) who studied the depositional
environments of the Wedington Sandstone, and by
Handford (1986) who published a paper on facies
sequences in the Fayetteville and Pitkin formations in the
eastern part of the outcrop area where the two formations
grade into each other.

Both papers reveal much about

sediment deposition during Fayetteville time.
Price describes the Wedington as a high constructive
elongated delta with two main channels and associated
interdistributary bays and offshore facies.

The delta

prograded to the south, and Price states that offshore
currents and storms are thought to have dispersed the
sediments that made up the offshore facies.

He also states

that the absence of large clast material in the Wedington
indicates that the drainage basin was elevated only
slightly above sea level.
Handford concluded that the upper Fayetteville and
Pitkin sequence is a shallowing-upward sequence that was
deposited on a storm-dominated muddy shelf.

The shelf

sloped gently to the south and water depths ranged from
intertidal for the shallow-water shoal facies in the Pitkin
to approximately 200 m for the "deep" muddy shelf facies of
the lower Fayetteville.

Handford estimated that the

distance from the intertidal area to the shelf-slope break
was 80 to 150 km.
Structure in the area is generally minor, but it is of
significance to this study since much of it was created
during the Carboniferous, about the time that the
Fayetteville was being deposited.

Authors who have worked

on structure in the area include Quinn (1959), Croneis
(1930), and Glick (1979).
Quinn's 1959 paper on "Buried Structures of the Boston
Mountains" describes structures in the Pre-Atokan strata of
the area.

He states that "following deposition of the

Boone formation, two south-plunging synclines began to
form."

The arches or lineal stable areas between these

synclines are the State Line Arch and the Jasper Arch.
Locations of these features are shown in figure 3.

A

series of folds trending N 30° to 35° E probably formed
during Morrowan time.

During Morrowan time a series of

north - south trending faults also developed in the

10

embayment east of the Jasper Arch.
Glick (1979) also indicated that tectonic changes were
occurring during Chesterian time in Arkansas.

South of the

study area, the Ouachita Trough was subsiding. Normal
faulting and flexuring associated with this subsidence was
occurring at the southern edge of the Ozark Shelf in
northwestern Arkansas.

OKLAHOMA

Figure 3. Pre-Atokan structures in northwestern Arkansas
From Quinn, 1959.
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C. STRATIGRAPHY

The Fayetteville Formation of northern Arkansas is
upper Mississippian (Chesterian) in age.

It is a part of

the gently southward-dipping Paleozoic succession on the
southern flanks of the Ozarks Plateau. The Fayetteville
Formation conformably overlies the Mississippian Batesville
Sandstone in most of northwest Arkansas.

The Batesville

grades laterally into the Hindsville Limestone in
Oklahoma, so that the Fayetteville rests on the Hindsville
in most of northeastern Oklahoma. In areas where the
Batesville is absent, the Fayetteville rests directly on
the Boone Formation.

The contact with the overlying Pitkin

Formation is unconformable in the type area around
Fayetteville, Arkansas, but is comformable in areas to the
south, east, and west, including the Marshall area. Figure
4 shows the position of the Fayetteville Formation in the
Paleozoic succession in northern Arkansas.
The Fayetteville Formation crops out in an east-west
trending belt from Muskogee and Cherokee counties in
Oklahoma to near Batesville, Arkansas.

It continues to the

south in the subsurface until it grades laterally into the
Stanley Shale.
The Fayetteville is primarily a calcareous, dark,
organic-rich shale that contains limestone layers near the
top and is concretionary in places.

In some literature the

Fayetteville Formation is referred to simply as the
Fayetteville Shale.

However, the lithology of the
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Fayetteville varies regionally. (See figure 5.)

In the

type area the formation includes the Wedington Sandstone Mem
ber, a deltaic sandstone (Price, 1981), which is sandwiched
between an upper and a lower black shale. The Wedington
pinches out to the east, west, and south of the type area
(figure 5).

Here also, a thin limestone occurs near the base

of the formation (Adams and Ulrich, 1905, Croneis, 1930,
Taylor, 1964).

This limestone thickens to the west (Croneis)

and is not present to the east, in the Marshall area.
As the Wedington thins to the east and west of the
Fayetteville type area, the Fayetteville Formation becomes
more calcareous. Figure 5 shows an east-west trending band
of carbonate lithology. In these areas the upper part of
the Fayetteville Formation is a sequence of alternating
dark limestone and shale beds.

The carbonate content of

the sequence increases upward to form a transitional
contact with the Pitkin Formation, a bioclastic limestone.
This upper Fayetteville carbonate section has been referred
to in the past as the Fayetteville "reef" (Quinn, 1959. p.
33), though it bears no resemblance to a true reef.

This

lithology is the subject of this study and details of the
stratigraphy of this part of the section will be discussed
later.

15

Figure 5. Distribution of lithologies in the Fayetteville
Formation. Modified from Ogren (1968), and Price (1980).
scale 1: 3,500,000

16

II. PROCEDURES AND RESULTS

A. FIELD WORK

1. General Field Observations
The roadcuts near Marshall, Arkansas were chosen for
study because of the impressive exposures of the rhythmic
upper Fayetteville Formation at this location.
1.)

(See figure

There is 195 feet of Fayetteville exposed in roadcuts

here, almost the entire formation (Frouzan 1960). In this
locality the Fayetteville is underlain by the Batesville
Sandstone, which is exposed in a small pit in Marshall along
Highway 65 along with part of the Ruddell (?) Formation
(Spreng, pers. comm.).

The gradational contact with the

overlying Pitkin Formation is well exposed in the roadcuts
that are the focus of this study.

(See figure 6.)

These

roadcuts are located on two sides of an anticlinal hill. The
north roadcut is located in NE 1/4, NW 1/4, SE 1/4, sec. 31,
T15 N, R15 W.
sec.

The south roadcut is in E 1/2, NE 1/4, NE 1/4,

6, T14 N, R15 W.
The lower Fayetteville is a dark gray concretionary

shale here as it generally is in other localities.

A few

thin limestones are present within the lower shale.

The

shales are generally not very fossiliferous, but some
bedding planes are densely fossiliferous.

Specimens of the

brachiopod Chonetes are concentrated on many bedding
planes. A few small cephalopods, pelecypods and impressions

17

Figure 6. Contact between the Pitkin and
Fayetteville Formations is at the base of
the massive limestone. This photo was taken
near the crest of the hill between the two
studied sections.
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of soft-bodied forms were noted. Fossils in the section are
crushed by compaction, but not abraided.
detail, in fact, is excellent.

Preservation of

Fossils in the shales are

more numerous but smaller than those in the limestones.
Small arborescent gypsum crystals were found on most
bedding planes. This gypsum is a product of the weathering of
sulphides (pyrite) in oxidizing (fresh water) conditions.
Pyrite films and iron stains were found on many bedding
planes.
The Wedington Sandtone Member is not present at
Marshall. About half-way between the top and the bottom of
the Fayetteville Formation there is an irregularly bedded
limestone that is approximately ten feet thick.

The top of

this limestone is 85 feet from the Pitkin contact on the
north side of the hill, and 95 feet below the contact on
the south side of the hill. Approximately the upper 55 feet
of the Fayetteville at this location is made up of
rhythmically alternating dark limestones and shales. The
contact with the Pitkin is conformable. This sequence is
very similar to exposures of the Fayetteville where it
crops out farther to the east, but they are not as
siliceous nor as distorted as the beds in exposures near
Alco (Spreng, 1967).

2. The Rhythmically Bedded Sequence
The limestones of the rhythmically bedded lithology are
lime mudstones less than one foot thick and generally
contain no bedding, partings, or laminations. These

19

limestones are very dense and hard and have a subconchoidal
fracture. Dark color and petroliferous odor indicate that
they are organic-rich. The limestones are not
fossiliferous, but occasionally a brachiopod valve was
observed. As noted by Handford (1986), the shale beds
decrease in thickness and the limestones become more
fossiliferous closer to the contact with the overlying
Pitkin Formation.
The limestones in the section are remarkably continuous
laterally and very uniform in thickness, however some thin
ning of limestones beds over concretions was observed in the
beds immediately below the rhythmic part of the section
(figure 7).

The draping of shales around concretions

indicates a pre-compaction origin for the concretions.
Hallam (1986) suggested that thinning of limestone beds over
concretions is an indication of diagenetic bedding.
present

Where

in the Marshall section, these features are below

the rhythmically bedded lithology. The number of concretions
decreases as one moves upward through the rhythmic sequence.
Another diagenetic feature in these limestones is the pres
ence of syneresis cracks, which occur in a few of the rhyth
mic micrites (Spreng, pers. comm.).
The intervening shales are dark colored, calcareous,
and organic-rich.

Parting is not well developed on some

surfaces so that a few of these beds might be described as
marlstones.

Fissility is developed on weathered surfaces.

They are less fossiliferous than the lower shales, and
appear to be no more fossiliferous, if not less fossilifer-

20

Figure 7. Thinning of limestone beds
over concretions in the Fayetteville
Formation. The draping of shales
around concretions indicates a pre
compaction origin for the concretions.
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ous than the adjacent limestones.

Microscopic examination

revealed that these marlstones are more fossiliferous than
the intervening limestones, but the fossils that they con
tain are usually microscopic.

As with the rest of the

Fayetteville Formation here, the fossils in the shales tend
to be much smaller than the fossils in the limestones.
Also, fossils in the limestones are not crushed, indicating
that the limestones were not compacted very much after depo
sition.
The limestones stand out strongly in relief in the
weathered roadcut.

Contacts between the limestones and the

shales are sharp but not erosional.

3. Sampling
For the purpose of this investigation, the lowest of
the rhythmic beds were sampled, along with the beds
immediately below them to try to determine what changes in
depositional environment accompanied the beginning of the
rhythmic lithology. Approximately the same part of the sec
tion was measured in two locations to get an idea of the
lateral variation that occurs in this section in a rela
tively short distance.
imately 1/4 mile apart.

The two sections sampled are approx
Samples were taken from the bottom,

middle, and top of each limestone and shale bed. The outer
inch of shale was scraped away to reduce the effects of
weathering and channel samples were taken. Entire thick
nesses of the limestones were collected when the limestone
was less than one foot thick.

22

4. The Measured Sections
Figure 8 locates the position of the sampled section
above a 10 foot thick limestone on each side of the hill.
The identifying number for the sampled beds are to the left
of each section.
these numbers.

The sampled beds are identified below by
Numbering reflects the order in which the

beds were sampled and does not have any stratigraphic sig
nificance.

Correlations are based on textures and colors of

beds and on abundance and types of fossils present.

The

base of the rhythmic lithology was defined as the base of
the lowest regularly-spaced microspar limestone in each sec
tion.
The lateral variation in the Fayetteville Formation
has been noted in the past (Croneis, 1930).

Even within

the short distance between the two sections that were
measured for this study, considerable changes were noted.
Figure 8 compares the north and south sections between the
10 foot thick bed and the base of the rhythmically bedded
limestones and shales.

As noted earlier, the vertical dis

tance between the top of this bed and the base of the Pitkin
is different from one side of the hill to the other.

The

most remarkable difference between the two sections in the
diagram is the disappearance of bed #2 on the south side of
the hill.

This bed is relatively thick (2.5') and its

thickness does not vary appreciably for the entire distance
that it is exposed on the north side of the hill. The reason
for the absence of this bed on the south side of the hill is
unknown since the level of bed #2 is below the road between

North

Section

South

Section

T5
CD

Figure 8. Correlation of parts of two roadcuts near Mar
shall, Arkansas.
Evenly-spaced micritic (m) beds are the
lowest part of the rhythmic lithology. Ps indicates pseu
dospar. Black indicates silicification. Numbers to the
left of each section are sample numbers. Scale:
1 inch
80 inches.
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the two roadcuts and is not exposed.
The north section (fig 8) contains a thick, relatively
clean crystalline limestone at its base (bed #2).

A dense

black chert occurs at both the top and bottom of this bed.
Within this bed are bands of light gray siliceous
limestone. Above the dense, black chert at the top of the
bed is a tan sucrosic dolomite that grades up into the
overlying shale and down to a siliceous limestone.
Beds #4 - #10 are evenly spaced limestone and shale
rhythms.

The limestones in this part of the section are

dense, dark gray micrites and can be distinguished from the
limestones immediately below them by their fine texture and
conchoidal fracture.

All of the shales in this part of the

section are calcareous and sparsely fossiliferous.

These

beds represent the base of the rhythmic lithology.
The rhythmic part of the southern measured section (beds
#24 - #29) is almost identical to the rhythmic part of the
northern measured section, except that bed #27 has a oneinch pyrite-rich zone near the middle of the bed, and the
individual beds of the south section are thicker than in the
north section.

Beds #25 - #29 are to be equivalent to beds

#4 - #8.
Bed #2 (or an equivalent)

is entirely missing in the

south roadcut as mentioned earlier.

A thin limestone and a

shale below bed #2 also appears to be missing.

Beds #11 -

#23 do appear in the north roadcut below the numbered beds
in that section (See figure 8.).
Beds #11 and #23 look very much like the thin
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structureless micrites of the rhythmic lithology, except
that they are coarser-grained and slightly darker in color.
No fossils were found in these beds.
The most fossiliferous beds of either of the two measured
sections are beds #12 - #21.

This is a series of fossili

ferous shales and marlstones that grade vertically into each
other so that the bed boundaries are indistinct. Beds 13,
15, 17, 19, and 21 are more resistant to weathering than the
intervening beds and are somewhat more calcareous. The
shales in this part of the section (beds 12, 14, 16, 18, 20)
are only slightly calcareous and very fissile.

The marl-

stones exhibit a platy parting.
The majority of the fossils in this part of the
section are small bivalves.

Many of the fossils are

difficult to identify because of crushing.
of Linaula were identified.

Some specimens

Many pelecypods are present

along with a variety of fossils that occur more rarely.
These include small ammonoids, hyolithids, fragments of
trilobites, and unidentified soft-bodied forms. Beds 19,
20, and the lower part of 21 are also phosphatic.
Bed #21 is easily distinguishable by a pronounced
iron-staining of its weathered surfaces.

Beds 19 and 20

are also iron-stained but less than bed 21.

All of the

iron-stained beds are generally more resistant than the
beds that were designated as shales.
Bed #21 grades up into bed #22 which appears to
contain no fossils.

Bed #22 is a silty-feeling calcareous

shale. Petrographic examination revealed that all of the
silt-sized particles of this bed are calcite (probably
neomorphic).
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B. PETROGRAPHIC WORK

1. Introduction
A detailed petrographic study was made in order to
discover the genesis of the rhythmic beds and to determine
the difference in depositional environment between these
beds and the ones immediately below them.

Petrographic

interpretations are based primarily on a study of 75 thin
sections that were made from samples taken from the
measured part of the section.

Some additional thin

sections were examined from higher in the rhythmic part of
the section in order to examine detail of some interesting
diagenetic features.
Vertical sections were made when possible. 1”X 3" and
1"X 2 ” thin sections were used to get a continuous vertical
petrographic description for each of the limestones. An
attempt was made to produce a thin section for each of the
shale samples. Some of the shale thin sections were
horizontal sections, and a few of the shale thin sections
were not successfully made, but 34 thin sections of shale
were made and examined.
Because of the special problems encountered during the
preparation of shale thin sections, a specialized
procedure was devised for their preparation, based on a
technique described by Jim (1985). This procedure is as follows
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1. Spurr Resin was mixed according to the
manufacturer's directions for quick setting, and
blue dye was added.

Spurr Resin was chosen

because of its low viscosity and consequent ability
to saturate low-permeability samples.

2. In the case of large delicate samples, the sample
was set on a vertical face in a shallow aluminum
foil tray containing enough epoxy to immerse a 0.5
cm thickness of the sample.

The epoxy was then

allowed to soak up into the sample.

Smaller

samples that could be completely immersed in the
epoxy were laid in the aluminum foil trays
horizontally.

3. The samples were allowed to set for at least 24
hours, or until the resin appeared to have been
completely polymerized.

4. The samples were cut, and reimpregnated if
neccessary to insure that they would survive the
grinding process.

5. The rest of the procedure, including cutting,
mounting, and grinding of thin sections is the same
as for any other thin sections, except that
kerosene is used to lubricate grinding instead of
water, and any reheating is avoided since heating
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seems to remobilize the Spurr Resin.

A complete petrographic description was made for each thin
section.

Special attention was paid to specific details.

These are percent clay, percent carbonate, carbonate
petrography, fossil content, quartz distribution, authigenic
minerals, and diagenetic features.

The description of

authigenic minerals and diagenetic features are considered
especially important for these limestones since much of the
original depositional fabric of the rock has been erased
during diagenesis.

All of the limestones in the measured

part of the section would fall into the classification of
mudstones.
The following is a general description of the various
types of rocks present.

These are the microsparites and

marls of the rhythmic section, the siliceous limestone bed
in the north roadcut, the pseudosparites, and the limestones
and shales between the pseudosparites.

The accompanying

tables (tables I and II) show the distribution of fossil and
mineral constituents by percent. The percentages were esti
mated visually for each thin section. For each bed, samples
A, B, and C are from the bottom, middle and top of the bed,
respectively.

In the cases where there is no letter

included in the thin section number the bed was so thin that
it could be represented by one thin section.

In the case

that the bed could be represented by two thin sections the
letters A and B were used to represent the bottom and top,
respectively.
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TABLE I - PERCENT FOSSIL CONSTITUENTS
ID # brachs pelec spic ostr tril
RHYTHMIC LITHOLOGY
NORTH ROADCUT
SHALES
9C
0.0
0.5
9B
0.5
1.0
9A
0.0
1.0
7C
0.0
0.5
7B
0.0
0.5
7A
0.0
1.0
5C
0.0
1.0
5B
0.0
0.0
5A
0.0
0.0
3C
0.5
1.0
3B
0.0
0.0
3A
0.0
0.0
AVE.
0.1
0.5
LIMESTONES
10C
0.5
0.0
10B
0.5
0.0
10A
1.0
0.5
8C
1.0
0.5
8B
1.0
0.5
8A
0.5
0.5
6
2.0
0.0
4B
0.0
0.0
4A
0.5
0.5
AVE.
0.3
0.8

0.5
0.0
0.0

3.0
1.0

3.0
3.0
2.0
4.0
0.0
0.0
1.0

1.5
0.0

0.5
0.0
0.0
0.0
0.0
0.0

4.0
0.0

0.5

SOUTH ROADCUT
SHALES
28C
0.0
0.0 0.0
28B
0.0
0.0
3.0
28A
0.0
0.5 0.5
26C
0.0
0.0
3.0
26B
0.0
0.0
0.0
26A
0.0
0.5 0.0
AVE.
0.0
0.2 1.1
LIMESTONES
29C
0.0
0.0
0.0
29B
0.0
0.0
0.0
29A
0.0
0.0
0.0
27B2
0.0
0.0
0.0
0.0
27B1
0.0
0.0
27A2
0.0
0.0
0.0
27A1
0.0
0.0
0.0
25B
0.0
0.0
0.0
25A
0.0
0.0
0.0
AVE.
0.0
0.0
0.0
Continued on next page.

ech

org. foram ceph unkn
debris

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.5
0.5

2.0
1.5

0.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.5
0.5
0.5
0.5
0.5
2.0
0.5

0.5
0.0
0.0
0.0
0.0
0.0
.0

0.0

0.0

0.5
0.5

0.0
0.0
0.0
0.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.5
0.0

0.7

5.0

0.0

0.0

0.5

2.0

0.0
1.0
0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0

0.0

0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.5
0.0
0.0

0.3

0.0

0.5
0.6
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Table I continued.

ID # brachs pelec spic ostr tril

ech

THE BEDS BELOW THE RHYTHMIC LITHOLOGY
NORTH ROADCUT
SILICEOUS LIMESTONE
2A
0.0
0.0 1.0 0.0 0.0 0.0
2B1
0.0
0.0 0.0 0.5 0.0 0.0
2B2
0.0
0.0 1.0 0.0 0.0 0.0
2B3
0.0
0.0
7.0 0.0 0.0 0.0
2B4
0.0
0.0
0.0 0.0 0.0 0.0
2C1
0.0
0.0
0.5 0.0 0.0 0.0
0.0
2C2
0.0
0.0
1.0
0.0
0.0
2C3
0.0
0.0 1.0 0.0 0.0 0.0
2DR
0.0
0.0 10.0 0.0
0.0 0.5
2DT
0.0
0.0
7.0 0.0 0.0 0.0
AVE.
0.0
0.0 2.9 0.1 0.0 0.1
SHALE BED #1
1A
0.0 1.0 0.0 0.0 0.0
0.0
IB
0.0
0.0
1.0
0.0
0.0
0.0
0.0
AVE.
0.0 1.0 0.0 0.0 0.0
SOUTH ROADCUT
PSEUDOSPAR LIMESTONES
23A
0.0
0.0 0.0
0.0
23B
0.0
0.0
0.5
11A
0.5 0.0
11B
0.0
2.0 0.0
0.0
11C
4.0 1.0
AVE.
0.1
1.3 0.2
BEDS BETWEEN
SHALES
22A
0.0
22B
0.0
22C
0.0
16C
0.0
16B
0.0
0.0
16A
0.0
14B
1.0
14A
0.0
12C
0.0
12B
AVE.
0.1
LIMESTONES
15A
1.0
2.0
13
1.5
AVE.
Continued on

0.0
0.0

0.5
0.5
1.0

0.4

0.0
0.0
0.0
0.0
0.0
0

0.0
0.0
0.0
0.0
0.0
0

org. foram ceph unkn
debris

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

5.0
2.0
3.5

1.0
1.0
0.0
0.0

0.0

0.5
0.5

0.0
0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0

0.0

0.0

0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0

0.0
0.0

0.0

0.5

0.0

0.0
0.0
0.1

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.5
0.0
0.0
0.1

0.0
0.0
0.0
0.1

0.0
0.0
0

0.0
0.0
0

0.0

0.0

0

0.0
0.0
0.0
0.0
0

PSEUDOSPAR LIMESTONES
0.0
0.0
0.0

5.0
0.0

10.0
25.0
15.0
0.0

3.0
5.8

0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
1.0
0.0

0.2

0.0

0.0

0.0

1.0

0.0
0.0

0.0
0.0

2.0

0.5

10.0
10.0
10.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.0
0.0
0.0
0.0

0.0

10.0
10.0
10.0
30.0
20.0
11.1

4.0
1.0

3.0
5.0
1.5

5.0 0.0 0.0
5.0 0.0 5.0
0 2.5
5
next page.

0.5
0.5
0.5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0

0.0

45.0
0.0

22.5

0.0

0.5

0.5

0.0
0.0

0.0
0.0

0.0
0.0

0.5

1.0
0.0

0.0
0.0

0.2
0.0
0.0
0
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Table I continued.

ID # brachs pelec spic ostr tril
FE-STAINED BEDS
17
0.0
10.0
18
0.5
4.0
19A
0.0 18.0
0.5
19B
3.0
0.0
10.0
2 0A
20B
0.0
0.0
0.0
20C
0.0
0.0
21A
0.0
0.0
0.0
2 IB
0.0
3.0
21C
4.8
AVE.
0.1

0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.1

0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0

ech
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0

org. for am ceph unkn
debris
20.0
40.0
2.0
30.0
0.0
0.0

9.0
2.0
20.0
10.0
13.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0 10.0

0.0

5.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0

1.5

TABLE II - PERCENT MINERAL CONSTITUENTS
ID #

calcit dolo dedol clays chert pyrite other

Continued on next page.

74.0
74.0
75.0
70.0
77.0
81.0
77.0
75.0
65.0
75.0
80.0
53.0
73.0

1.0
1.0
1.0
0.0
0.0
0.0
TR
0.0
0.0
TR
TR
TR
0.3

0.0
3.0
1.0
1.0
4.0
3.0
4.0
3.0
TR
0.0
0.0
0.0
1.6

0.0
0.0
0.0
1.0 QTZ SAND
0.0
0.0
0.0
0.0
0.0
TR QTZ SAND
0.0
0.0
0.1

0.0
0.0
0.0
0.0
0.0
0.0
2.5
0.0
0.0
0.0

15.0
7.0
10.0
10.0
7.0
10.0
15.0
19.0
10.0
10.0

TR
TR
0.0
0.0
1.0
0.0
1.0
TR
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
TR ALBITE
0.0
0.0

0.0
0.0
0.0
7.0

70.0
70.0
70.0
78.0

0.0
1.4

50.0
67.6

TR
0.0
0.0
0.0
0.0
0.0
0.0

TR
0.0
TR
5.0
0.0
0.0
0.8

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

20.0
5.0
8.0
3.0
7.0
3.0
7.0
25.0
20.0
10.9

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TR
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TR
1.0
1.0

o•
o

SOUIH ROADCUT
SHALES:
5.0 25.0
28C
5.0 25.0
28B
28A
5.0 25.0
2.0
26C
8.0
26B TOO THIN
30.0 20.0
26A
7.8 20.6
AVERAGES
LIMESTONES:
29C
80.0
0.0
90.0
5.0
29B
87.0
5.0
29A
96.0
27B2
0.0
92.0
27B1
0.0
87.0
0.0
27A2
70.0 20.0
27A1
75.0
0.0
25B
80.0
0.0
25A
84.1
3.3
AVERAGES

10.0
10.0
7.0
7.0
3.0
3.0
TR
5.0
TR
10.0
10.0
0.0
5.4

o•
H

RHYTHMIC LITHOLOGY
NORTH ROADCUT
SHALES:
9C
5.0 10.0
9B
5.0
7.0
9A
7.0
7.0
1C
15.0
7.0
IB
8.0
8.0
7A
5.0
8.0
5C
12.0
4.0
5B
10.0 10.0
5A
25.0 10.0
3C
5.0 10.0
3B
0.0 10.0
3A
2.0 45.0
AVERAGES
8.3 11.3
LIMESTONES:
IOC
85.0
3.0
10B
90.0
3.0
10A
88.0
2.0
8C
87.0
3.0
3.0
8B
89.0
8A
90.0
0.0
6
85.0
0.0
4B
79.0
1.0
89.0
1.0
4A
2.5
AVERAGES
87.5

10.0
TR
TR

TR

1.0

0.0

1.4

TR

Table II continued

ID #

calcit. dole

dedol clays chert pyrite other

THE BEDS BELCW THE RHYTHMIC LITHOLOGY
NORTH ROADCUT
SILICEOUS LIMESTONE:
39.0 39.0
0.0
2DT
0 . 0 15.0
2DR
73.0
7.0 10.0
0.0
5.0
5.0 89.0
2C3
1.0
3.0
0.0
2C2
4.0
90.0
8.0
0.0
0.0
3.0 32.0
65.0
2C1
0.0
0.0
4.0
95.0
0.0
2B4
0.0
0.0
2.0 15.0
81.0
0.0
2B3
0.0
3.0 44.0
52.0
2B2
0.0
0.0
4.0
0.0
95.0
0.0
0.0
2B1
0.0
2.0 10.0 78.0
2A
7.0
5.7 27.6
5.4
0.2
AVERAGES
59.1
SHALE (SAMPLE # D
5.0
5.0 20.0 13.0 58.0
IB
3.0
LA
12.0 10.0 10.0 65.0
4.0
8.5 15.0 11.5 61.5
AVERAGES
SOUTH ROADCUT
PSEUDOSPAR LIMESTONES:
70.0 10.0
0 . 0 20.0
23B
90.0
0.0
0 . 0 10.0
23A
35.0 35.0
0 . 0 24.0
11C
7.0
80.0
0.0
10.0
11B
32.0
45.0
20.0
0
.
0
11A
64.0 15.0
0 . 0 18.6
AVERAGES
BEDS BETWEEN PSEUDOSPAR LIMESTONES
SHALES:
0 . 0 20.0
4.0 75.0
22C
0.0
10.0 10.0 76.0
22B
20.0 15.0
TR 65.0
22A
3.0
5.0
0 . 0 86.0
16C
4.0
2.0
0 . 0 84.0
16B
0 . 0 87.0
5.0
3.0
16A
0 . 0 80.0
2.0 15.0
14B
5.0
5.0
0 . 0 79.0
14A
5.0 10.0
0 . 0 78.0
12C
2.0
7.0
0 . 0 85.0
12B
4.6
1.4 79.5
9.2
SH AVE.
LIMESTONES:
0 . 0 75.0
15.0
5.0
15A
0 . 0 76.0
12.0
5.0
13
5.0
0 . 0 75.5
LS AVERAG 13.5
40.7
8.6
1.8 40.6
AVERAGES
Continued on next page.

0.0
0.0

0.0

5.0
2.0
1.0
0.0
0.0
0.0
0.0
0.0

3.0
1.1
0.5
0.0

0.3

TR
0.0

7.0 UMONITE
TR AIBITE
0.0

2.0 AIBITE
0.0

1.0
TR
1.0
TR
TR
1.1

AIBITE
MICA
AIBITE
ALB. ,MICA
MICA

0.0
0.0
0.0

0.0
0.0

TR
TR
TR

2.0
3.0

4.0 FHOS

1.0

0.0

1.2

3.0 FHOS
1.4

0.0
1.0
0.0

4.0
2.0

2.0

4.0
10.0
3.0
3.0
4.0
7.0
5.0
4.2

0.0

2.0
0.0

2.0
0.0
1.0

0.8
0.0

4.0
2.0
4.5

0.0

5.0
3.0
4.0
1.6

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

5.0
0.0
0.0

0.5
0.0
0.0
0.0

0.4
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Table II continued.

ID #

calcit dolo dedol clays chert pyrite other

Fe-STAINED BEDS:
21C
10.0
0.0
8.0
0.0
2IB
1.0 18.0
10.0
0.0
21A
0.0
0.0
19B
10.0
0.0
0.0
19A
12.0
3.0
0.0
17
10.0
2.0
0.0
20C
TR 10.0
0.0
20B
20.0
5.0
20A
24.0
0.0
4.0
0.0
18
6.0
5.0
0
10.3
5.5
AVE.

77.0
80.0
65.0
80.0
75.0
80.0
83.0
23.0
20.0
85.0
66.8

2.0
0.0
1.0
2.0
0.0
4.0
5.0
TR
TR
2.0
1.6

3.0
0.0
TR
3.0
0.0
4.0
2.0
2.0
2.0
2.0
1.8

0.0
1.0
25.0
5.0
10.0
0.0
0.0
50.0
50.0
0.0
14.1

FHOS
FHOS
FHOS
FHOS
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2. The Rhythmic Sequence

a. The Microsoarites
The thin limestones of the rhythmic limestone-shale
sequence are made up of microspar calcite (figure 9). The
size (10 - 30 microns) and elongate "loafish” shape are just
as described by Folk (1965).

Microspar of this type is

almost certainly the product of neomorphic grain growth and
is commonly associated with clay minerals (Folk, 1965).
Grain boundaries are curved and sharply defined, with thin
films of clay minerals between all of the carbonate grains.
Folk suggested that this type of grain growth occurred
before compaction and lithification while the water content
of the sediment was still very high (ibid., p. 42).

It

would imply that early calcite precipitation worked to
enlarge individual calcite grains rather than to cement
grains together. These limestones are very dense.

No poro

sity or intergranular cement can be seen microscopically.
Very little compaction is evident except at the top and
bottom of the limestones where there is an increase in the
clay content within one centimeter of the bed surfaces. In
this transitional zone the calcite grains are usually less
elongate and tend to be more round. As noted earlier, the
microspar grains are elongate. The orientation of these
grains is often random, but in some of the limestones, espe
cially near the top and bottom of the beds, the microspar
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Figure 9. Microspar calcite typical of
the lowest rhythmic limestones.
Length
of bar is 100 microns.

Figure 10. Microspar exhibiting
elongation perpendicular to bedding.
This is a vertical thin section and the
photograph is oriented so that the top
of the page is up.
Length of bar is
250 microns.
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grains are oriented perpendicular to the bedding (figure
10) . The cause for the unexpected vertical orientation is
unknown, but it lends support to the idea that formation of
the microspar was early.
Where fossils are found in the limestones they are
often highly recrystallized or have a syntaxial rim (figure
11) .

Pyrite is usually associated with shell material,

either as shell replacement (figure 12) or as small spheres
that appear to be associated with the decay of organic
material.
0-1%.

The pyrite content of most of these beds is

An exception is a pyrite-rich zone in the middle of

bed #27 which has up to 10% pyrite. This zone is less clayey
than the adjacent rock and the calcite here has more of a
sparry appearance.
The average clay content of these limestones is about
11%. Clay content is fairly uniform throughout a limestone
bed, but there is a notable increase in clay content in the
highest and lowest one centimeter of each bed.

Individual

clay grains are too small to be seen microscopically.

As

noted earlier, clays surround all of the carbonate grains.
X-ray diffraction analysis revealed the clays to be made up
primarily of mixed-layer illite and montmorillonitic clay.
There is also a small amount of kaolinite present.

There

was not an appreciable difference between the clays of the
limestones and the clays of the intervening shales.
Some of the chert is in the form of irregularly-shaped
blebs.

These blebs are small and elongate parallel to the

bedding, and often have a pyrite nucleus (figure 13).
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Figure 11.
Syntaxial rim over brachiopod
valve.
Length of bar is 250 microns.

Figure 12. Pyrite partially replacing
bivalve that has been almost obliterated
during diagenesis.
Bar is 250 microns.
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Figure 13.
Chert bleb in one of the
rhythmic limestones.
Dark center appears
to be sapropelic material.
Bar is 100 microns.

Figure 14.
Rhombic dolomite within
rhythmic shale bed.
Bed #5. Bar is
100 microns.

41

They are much more common in the shales than in the lime
stones.

The irregular flattened shapes of these blebs are

suggestive of algal bodies. Similar shapes are also found in
the shales but here the blebs have dolomite rather than
chert enclosing pyrite.

It would appear that the more acidic

environment in the immediate vicinity of the decaying
organic material allowed for the precipitation of pyrite and
later chert or dolomite rather than calcite.

b. The Calcareous Shales
The average carbonate content of the shales in the
rhythmically bedded portion of the measured section is
about 25% as determined by petrographic examination.

The

majority of the carbonate is calcite, but some dolomite is
present in most of the shales.

Weak luminescence of the

carbonates in the shales indicates that the carbonates in
the shales are more ferrous than the carbonates in the lime
stones (Sommer, 1972).
Dolomite is present as small isolated rhombs (figure
14) and as shell replacement.

This dolomite is assumed to

have formed after compaction since dolomite cuts across
shale laminations and the clays are not draped around the
dolomite rhombs.

Rhombic dolomite is not uncommon in

argillaceous carbonates (McHargue and Price, 1982).

The

source of the magnesium for this dolomite is most likely
from the generation of Mg-rich pore fluids through pressure
solution of high-Mg calcite (Wanless,

1979), or from the

release of Mg+2 from clays (McHargue and Price,

1982) or
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both.

It seems that both of these might be contributing

factors in this case.
Calcite replaces some of the dolomite rhombs.

The

product of the calcitization of dolomite is often called
dedolomite. Some of the dedolomitized rhombs are very
corroded and their appearance grades into very
anhedral-looking crystals. This lead to difficulty in
determining just how much of the calcite was dedolomite.
In most cases it was assumed that calcite grains of
approximately the same size as the calcite rhombs were
probably dedolomite, especially if they were associated
with calcite or dolomite rhombs.
The calcitization of dolomite was first recognized by
Von Morlot (1847).

He believed that dedolomite is produced

by the reaction of a calcium sulfate solution and dolomite.
Though some dedolomite may be the product of an early
diagenetic process (Katz, 1968), it is generally accepted
that most dedolomite is a product of near surface
alteration (Evamy, 1963 & 1967; Frank, 1981, and many
others).

Evamy (1963) proposed that sulfate ions needed

for the reaction are derived from the oxidation of pyrite.
This explanation of dedolomitization caused by the reaction
of dolomite and calcium sulfate seems to fit the situation
in the Fayetteville exposures studied.

An abundance of

pyrite is present in the shales, some of which has been
oxidized, and as noted in the section on field work, gypsum
is present on bedding of many of the shales.

It is

suggested that iron oxide, gypsum, and dedolomite are all
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Figure 15.
Chert blebs and stringers in
shale replace probable flattened algal
bodies.
Longest bleb is approximately
1.25 mm long.

Figure 16.
Clusters of dolomite rhombs
in shale are associated with sapropelic
material.
Bar is 250 microns.
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products of near surface alteration.
As mentioned earlier, chert is more common in the
shales than in the limestones.

It is always associated

with biogenic pyrite or organic material.

These chert

blebs (figure 15) appear to replace crushed or flattened
algal bodies, or in some cases, small crushed bivalves.
The chert replacement is post-compactional. McHargue and
Price (1982) noted that they found chert often associated
with late-stage dolomite.

The case appears to be the same

here. Chert and dolomite often appear in similar microenvi
ronments, such as surrounding biogenic pyrite or associated
with algal material (figure 16).

Though the two minerals

never appear intergrown, they may form under closely related
diagenetic conditions.

c. Comparison of the Fossils
As noted earlier, the fossils of the rhythmic limestone
and shale bed are usually replaced by calcite spar or
pyrite and identification was difficult.

In many cases

the original shape of the fossils is almost obliterated.
Patterns of pyrite in some places indicate the complete
obliteration of a fossil.

These fossil ghosts are more

common in the limestones than in the shales,

indicating

that recrystallization in the limestones was more intense
than in the shales.
In general it appeared that fossils in the limestones
were larger and heavier-shelled than those in the shales.
No large (greater than 5 cm) brachiopods were observed in
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Figure 17. Spicules in one of the rhythmic
shales.
Spicules are common in these
shales.
BAr is 100 microns.

Figure 18. Foraminifer in one of the
limestones.
Foraminifers are as well
preserved in the limestones as in the
shales.
Bar is 100 microns.

the shales while they were occasionally observed in the
limestones.

Fine spicules were not found in the rhythmic

limestones and they were common in the shales (figure 17).
Foraminifers are much more common in the shales than in the
limestones (figure 18).

There is a faunal difference

between the limestones and the shales and also a difference
in the orientations of the bivalves found in the shales and
the limestones.

Shells in the limestones are oriented

randomly, possibly indicating rapid deposition.

The long

axis of the fossils in the shales are always parrallel to
the bedding.

This difference in the fossil orientation

between the limestones and the shales may be only an effect
of greater compaction in the shales.

3. The Beds Below the Rhythmic Section

a. The Siliceous Sparry Limestone (Bed #2)
Bed #2 has the lowest percent clay (approximately 5%)
of any of the beds in the measured section.

It is also the

most siliceous. The bed is made up primarily of sparry
calcite (figure 19) with lenses of porous calcitic chert
(figure 20).
The calcite spar is neomorphic, forming from a calcite
or aragonite mud.

Allochems make up only a small

percentage of the rock.

This neomorphic spar, or

pseudospar, has interlocking grain boundaries and very
irregular shapes. Fossils in this bed were almost
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Figure 19. Authigenic albite (the larger
rectangular crystal near the top of the
photo) in sparry calcite. Circular
objects in the photo are spicules. Bed #2.
Bar is 100 microns.

Figure 20. Calcitic chert,
stained red. X36.

Calcite is
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obliterated during diagenesis.

The most abundant fossil

remains are small bivalves and spicules.

Their composi

tion is always the same as their surrounding matrix, which
may be either chert or calcite.

The siliceous bands within

the bed contain abundant silicified spicules.
Another unusual aspect of this bed is the presence of
authigenic albite (figure 19).
albite.

This bed contains up to 2%

Albite does not appear in thin sections of any of

the other beds except for one small clump of crystals in
bed #4.

The albite is assumed to be authigenic because of

unabraided appearance (figure 21) and because of the lack
of luminescence under the cathodoluminoscope. Kastner and
Siever (1979) list these as two criteria for identification
of authigenic feldspar.

They note also that albite is the

most abundant authigenic feldspar in carbonate rocks (p.
444). According to Kastner and Siever, authigenic albite is
most likely to form fairly early in impermeable carbonate
sediments.
Pore waters can become supersaturated with respect to
albite by the dissolution of biogenic silica in Na-rich
pore fluids. Some clay content is needed to initiate albite
formation, but Kastner and Siever point out that too much
sorbtive clay may keep H 4 Si0 4 levels too low for feldspar
formation.

This may be the reason why this bed with the lowest

percent clay was the only to contain albite.
Kastner and Siever say that chert formation may
interfere with albite formation since rapid precipitation
of chert would hold the H 4Si04 concentration too low for
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Figure 21.
Scanning Electron Micrograph
of an albite crystal dissolved out of bed
#2. Note unabraided appearance.
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albite formation.

In bed #2, albite and chert occur in the

same bed, though they are not closely associated.

Feldspar

concentration increases slightly away from the chert lenses.
Molds of feldspar occur in the margins of the siliceous
bands. Recrystallization of the calcite to a sparry mosaic
appears to have happened after the formation of the
feldspar since the feldspar crystals are always euhedral.
At both the top and bottom of the bed there is an
approximately 2" thick layer of dense, dark-colored,
organic- and pyrite-rich chert.

This chert contains large

euhedral crystals of pyrite (figure 22) and dolomite
(figure 23).
dedolomitized.

Some of the dolomite has been dissolved and
The boundaries of this bed almost appear to

be a collecting place for these authigenic minerals.
reason for their occurrence is problematical.

The

This author

suggests that ions diffusing from adjacent shales may be
the source for these minerals. If this is the case, one
would expect to see bands of chert at the top and bottom of
other limestone beds.

The reason for the absence of chert

bands in other limestones may have to do with their clay
content.

Clay minerals in the other limestones may have

adsorbed enough of the ions in the fluids escaping from the
compacting shales to keep their concentrations from
becoming high enough to precipitate chert layers.

The

lower clay content of bed #2 may have allowed ion
concentrations to reach the saturation point for these
minerals.

In any case, it is worthwhile to point out that

these bands of dense chert formed where the contrast in
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Figure 22.
Euhedral pyrite occuring at
boundary between chert (bottom) and
limestone(top). Note spicules in chert.
X4 0.

Figure 23.
Euhedral dolomite,
disseminated pyrite, and organic material
in chert.
Chert is black in hand sample.
Length of bar is 250 microns.
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clay content from one bed to another was greatest.

b. The Argillaceous Pseudosparites

(Beds #11 and #23)

As noted in the section on field work, there are two
thin, dense lime mudstones which appear to be very similar
to the limestones in the rhythmic part of the section,
except that close examination in hand sample reveals that
they are coarser-grained. In thin section these limestones
reveal a unique texture. The rock is made up of 100
-150

micron size calcite grains in a matrix of clay and

small zoned dolomite rhombs (figure 24).
This pseudospar has curved crystal boundaries,

is uni

form in size, and has an appearance similar to the microspar
of the rhythmic limestones, but the grains are not elongate.
Folk (1965) states that such pseudospar may have the same
origin as neomorphic microspar.

The pseudospar grains are

not packed as closely as the microspar grains in the rhyth
mic beds.

It may be that greater distance between the sites

of nucleation of the pseudospar allowed for the growth of
larger and more rounded grains.
Dolomite rhombs that generally occur within the clay
matrix cut across the calcite grains and occasionally occur
within the pseudospar. The dolomite shows zonation under
cathodoluminescence,

indicating at least two stages of

dolomite precipitation.

The centers of these dolomite rhombs

do not luminesce and therefore are assumed to be more
iron-rich than the outer edges.

The dolomite in these beds

is the only dolomite in the sampled beds which was unaffected
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Figure 24. General texture of the
pseudosparites. Note large anhedral
calcite grains and small dolomite rhombs
in a clayey matrix.
Also note dolomite
rhombs cutting across calcite grain
boundaries.
Length of bar is 50 microns.
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Figure 25.
Phosphatic zone in bed #26.
These zones of phosphate nodules are
often very fossiliferous.
X36.
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by late dedolomitization. The outer edges of these rhombs
also represent the only occurrence of low-iron dolomite.
study of the Taum Sauk dolomite by Frank (1981)

A

indicated

that dolomites with higher concentrations of iron are more
susceptible to dedolomitization.
The clay and organic content of these limestones is
higher than that of the rhythmic limestones.

These

limestones also contain small phosphatic nodules which were
not found in the rhythmic beds.

Which, if any, of these

factors contributed to the differences in mineral
recrystallization between the microspar limestones and the
pseudospar limestones is not known.

c. The Limestones and Shales
As in outcrop, thin sections show that the most
organic-rich and most fossiliferous parts of the measured
section are these beds between the two pseudospar
limestones. These calcareous limestone and shale beds con
tain a lot of sapropelic material.

They also contain zones

of abundant fossil material.
A phosphatic zone occurs near the base of these
Fe-stained beds.

Clumps of phosphatic nodules occur in

discontinuous stringers

(figure 25).

Microscopically there is very little difference between
the calcareous limestones and the shales in this part of the
section.

The "limestones" have an average carbonate content

of only about 18%, and the shales have an average carbonate
content of about 10%. One reason for the more blocky frac-
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by late dedolomitization. The outer edges of these rhombs
also represent the only occurrence of low-iron dolomite.

A

study of the Taum Sauk dolomite by Frank (1981) indicated
that dolomites with higher concentrations of iron are more
susceptible to dedolomitization.
The clay and organic content of these limestones is
higher than that of the rhythmic limestones.

These

limestones also contain small phosphatic nodules which were
not found in the rhythmic beds.

Which, if any, of these

factors contributed to the differences in mineral
recrystallization between the microspar limestones and the
pseudospar limestones is not known.

c. The Limestones and Shales
As in outcrop, thin sections show that the most
organic-rich and most fossiliferous parts of the measured
section are these beds between the two pseudospar
limestones. These calcareous limestone and shale beds con
tain a lot of sapropelic material.

They also contain zones

of abundant fossil material.
A phosphatic zone occurs near the base of these
Fe-stained beds.

Clumps of phosphatic nodules occur in

discontinuous stringers (figure 25).
Microscopically there is very little difference between
the calcareous limestones and the shales in this part of the
section.

The "limestones" have an average carbonate content

of only about 18%, and the shales have an average carbonate
content of about 10%. One reason for the more blocky frac

56

ture of the "limestones" may be that they are also slighty
more siliceous in addition to being more calcareous.

Small

blebs of chert are very common in these limestones.
The majority of the carbonate in this part of the
section is calcite, but there are a few beds or parts of
beds that are mainly dolomite with calcite only occurring
as part of skeletal grains.
The Fe-stained beds appear to have no more pyrite than
the adjacent beds,

if not less.

This may be because very

finely disseminated pyrite could not be distinguished from
clay minerals under the microscope. Bed #22 is not very
fossiliferous and is more similar to the shales in the
rhythmic part of the section.

It does contain calcite-rich

laminations of neomorphic microspar which are not found in
any of the other shales.

C. HYDROCARBON ANALYSIS

Wet fluorescence tests indicate the presence of hydro
carbons in all of the samples collected, with beds
through #23 fluorescing most strongly.

# 1 1

Since kerogen matu

rity and diagenesis are interelated, two rock samples,
#11A (a limestone) and #15B (a shale), were sent to Brown and
Ruth Laboratories in Houston, Texas for determination of total
organic carbon, kerogen analysis, and Rock-E-Val pyrolysis.
Results of these tests are presented in Table III.
Rock-E-Val is a pyrolysis method used to evaluate
petroleum source rocks.

In this method, a ground rock

sample is progressively heated.

At a relatively low

temperature the hydrocarbons already present in the rock in
a free or adsorbed state are volatilized.

As the

temperature rises, pyrolysis of kerogen results in the
generation of hydrocarbons and the volatilization of these
hydrocarbons.

The amounts of these two hydrocarbon

fractions are measured by a flame ionization detector and
these values are represented by

and S2 respectively.

The amount of CO2 produced by the pyrolysis of the
kerogen is measured by a thermal conductivity detector.

S3

represents this value.
A fourth parameter measured during Rock-E-Val analysis
is the temperature, T, which corresponds to the maximum of
hydrocarbon generation during pyrolysis.

T is used as an

indicator of maturation.
The parameters S^, S2 / S3 , and T can be used to

TABLE III
HYDROCARBON ANALYSIS

Sample

TOC

SI

S2

S3

T

ID

Transformation

Hydrogen

Ratio

Index

Oxygen

%Ro

Index

11A

1.33

1.11

1.47

0.23

447

0.43

110

17

1.15

15B

4.40

2.59

6.84

0.24

441

0.28

155

6

0.84
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Figure 26.
Evolution paths of the principle types of kerogen
(indicated by arrows).
From Tissot and Welte, 1978.
Type 1:

Kerogen with a high initial H/C ratio and low O/C
ratio.
Generally conprises much lipid material,
particularly aliphatic chains.
High proportion of
lipids may result from either (1 ) selective
accumulation of algal material, or (2 ) severe
biodegradation of organic material during
deposition.
Commonly deposited in lacustrine
environments and often a major component of
kerogen in oil shales.

Type 2:

Kerogen with relatively high H/C and low O/C ratios.
Usually deposited with marine sediments where autoch
thonous organic matter, derived from a mixture of
phytoplankton, zooplankton, and bacteria, has been
deposited in a reducing environment.
Type II kerogen
is often a major component of kerogen in petroleum
source rocks.

Type 3:

Kerogen with relatively low initial H/C and high
O/C ratios.
A large proportion of this kerogen is
made of polyaromatic groups.
Derived essentially
from continental plants.
This type of kerogen is
unfavorable for oil generation but may provide gas
source r o c k s .

Figure 27.
Determination of source rock
maturity by transformation ratio or by
peak temperature.
From Tissot and Welte,
1978.
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evaluate kerogen type and source rock maturity. The percent
of total organic carbon (TOC)

in the analyzed samples is

relatively high (1.33% and 4.40%).

The minimum amount of

organic matter needed to generate petroleum in a potential
petroleum source rock is considered to be 0.5% for detrital
rocks and 0.3% for carbonates and evaporites (Tissot and
Welte,

1978).

As seen from the analysis,

free or adsorbed

hydrocarbons were present in the samples.

Considering the

low porosity of the rock these hydrocarbons were probably
generated in place.

The hydrogen index (S2 /TOC)

and the

oxygen index (S 3 /TOC) would indicate that the kerogen is
either type I or type II and that it is thermally mature.
It is very likely that the kerogen is type II and that oil
generation has occurred

(figure 26).

Perhaps a better

indication would be the transformation ratio (S^/S^+S2 ) • As
seen in figure 27, transformation ratio for the samples
falls well into the oil generating zone for the curves used
in the diagrams.

Also, the values for T fall in the same

general area as the transformation ratio for the shale.
The unusually high transformation ratio for the limestone
sample might indicate that some oil may have migrated into
the limestone.

Caution should be used in the evaluation of

these results since they are based on the analysis of two
isolated samples.
Visual kerogen analysis indicates that 100% of the
kerogen is amorphous. This is consistent
that it is algal in origin.

with the idea

Vitrinite reflectance values

between 0.5 and
zone

2 . 0

are in the oil to wet gas generation

(Tissot & Welte,

1978, p. 71).

All reflectance values

for the tested samples fall within this range.
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III. CONCLUSIONS

A. DIAGENESIS

1. Introduction
The diagenesis of sediments,
sediments,

especially carbonate

depends a great deal on the environment of

deposition of the sediments.

The amounts of clay and

organic matter deposited along with the carbonate has an
effect on the diagenesis of the rock.

This is especially

obvious in the limestones, marls, and shales of the
Fayetteville Formation.
In the Fayetteville rocks, the most important
diagenetic changes are those involving the
recrystallization of calcite and the formation of other
authigenic minerals.

The majority of these changes occur

in the deeper-burial connate environment

(Heckel,

1983).

2. Calcite
Neomorphism of carbonate mud to microspar and
pseudospar is volumetrically the most important change that
took place during the diagenesis of the Fayetteville rocks.
Cross-cutting relationships suggest that calcite
neomorphism occurred:

after the formation of pyrite in all

cases, after the formation of albite in bed # 2 , after or
possibly very close to the time of formation of dolomite
formation in the pseudospar limestones, and before the

64

formation of at least some of the chert in bed # 2 .
Crystals that make up syntaxial rims are identical in
size and shape to the microspar in the matrix of the
rhythmic limestones. Relationships between the syntaxial
rims and the surrounding matrix suggest that their
formations were simultaneous.
The variations in the extent of neomorphism and form of
the calcite may depend on variations in the amount of clay
and/or organic material.

The variations in the extent of

neomorphism and form of the calcite between limestone bed
#2 , the microsparites,

and the pseudosparites is always

accompanied by a variation in the clay and organic content
of the rock.

In the samples studied it appears that round

or loaf-shaped calcite grains, with curved boundaries are
associated with a higher percentage of clay minerals.
Also, when the largest diameter of the calcite grains are
less than the distance between centers of the grains,
grains tend to be equant.
#23, bed # 2

1

This can be seen in beds #11, and

, and near the top and bottoms of some of the

microsparitic beds.
crowded,

the

Where neomorphic calcite grains are

they tend to be elongate or "loaf-shaped".

Neomorphic calcite grains also appear in some of the
shales. They occur in bed #21 in calcite-rich laminations
and these were very likely created by neomorphic grain
growth of calcite.

The origin of microspar-sized calcite in

all of the other shales is less certain.

Most of these

microspar-sized calcite grains in the shales do not show the
smooth,

curved boundaries that are seen in the
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Figure 28.
Compaction crenulated this
spar-filled fracture.
The thickness of
the limestone here is about 75% of its
thickness at the time the rock fractured.
Length of the bar is 250 microns.
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limestones.

The corroded edges and the presence of rhomb

shaped calcite in many of the shales suggest that the micro
spar-sized calcite in the shales might be dedolomite.

3. Dolomite and Pressure Solution
Fe-rich dolomite in the shales formed after compaction
or perhaps during compaction.

The source of the magnesium

for this dolomite is most likely from the generation of
Mg-rich pore fluids derived from pressure solution of
high-Mg calcite
from clays

(Wanless,

1979), or from release of M g +

(McHargue and Price,1982), or both.

2

Both

sources could have provided magnesium in the shales.
The presence of microstylolites in the shales supports the
idea of pressure solution as a source

(Wanless,

1979).

It seems likely that calcium that moved out of the
shales may have contributed to fracture-filling calcite
that can be shown to have formed prior to complete
compaction of the rock.

Fractures in one of the rhythmic

limestones above the measured section are filled with
calcite

(figure 28).

This calcite-filled fracture has been

compressed by a factor of about
argillaceous parts of the beds.

.25 in the more
The fracture cuts across

microspar grains so that this sequence of events can be
seen:
1.

Calcite neomorphism

2.

Fracturing

3.

Calcite filling of fractures

4.

Compaction occurs concurrently with these
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events and continues after calcite
fracture-filling

4. Dolomite in the Limestones
Rhombic dolomite in limestone beds #11 and #23
occasionally cuts across the boundaries of the pseudospar and
rarely occur within pseudospar grains.
carbonate mineral formed first.

It is unclear which

Since dolomite rhombs are

more commonly found in the clay matrix and on the borders of
pseudospar grains, and they are less often found enclosed
within the pseudospar,

it may be suggested that the position

of pseudospar grains had some control on the positioning of
the dolomite as the dolomite formed.

This would imply that

the dolomite formed after the pseudospar.

It seems possible

that the high organic content of these beds may have provided
an unusually acidic environment early in the history of this
sediment leading to early dissolution of high-Mg calcite and
precipitation of low-Mg calcite and dolomite.
There are two generations of dolomite formation present
in these beds as indicated by the zonation of dolomite
rhombs.

The earlier stage produced ferroan dolomite.

Here

the source of magnesium for the dolomite is less likely to
be pressure solution since the dolomite appears to have
formed prior to compaction.
Shell material is absent throughout the middle
portions of these beds but are common near the top and
bottom of the beds. These beds were very rich in organic
material at the time of deposition.

These limestones
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contain more sapropelic material than any of the other
limestones.

It seems possible that a decreased pH of the

pore fluids created by the decomposition of organics in a
reducing environment might dissolve the less stable high-Mg
calcite of the shell material and redistribute it to two
more stable minerals, dolomite,

and low-Mg calcite.

Dolomite is also found near the boundaries of beds #2.
McHargue and Price

(1982) studied distribution of dolomite

in Pennsylvanian cyclothems.

They discovered that rhombic

dolomite often occurs in limestone units adjacent to shales
near the top or bottom of the limestone.

They attribute

this dolomite to Mg-rich pore fluids created by the
smectite to illite conversion. They point out that this
conversion is capable of releasing large amounts of Fe, Mg,
Ca, Na, and Si. The conversion of smectite to illite in the
clays above and below bed

# 2

may likewise have also

contributed to to the formation of pyrite and chert.

5. Albite
Authigenic albite appears to be associated with the
relatively clean limestone of bed #2.
indication that bed
deposition

# 2

It may be an

was fairly impermeable soon after

(Kastner and Siever,

1979),

though

recrystallization of the carbonate has obscured most of the
depositional texture of this bed. According to Kastner and
Siever, albite and chert will not precipitate together.
bed

# 2

In

it appears that the albite formed earlier than the

light gray calcitic chert, since molds of albite crystals
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occur within the chert at the margins of the siliceous
bands. Thus,

albite appears to have formed before the calcite

recrystallized.

The relationship between the albite and

the dense dark-colored chert at the bed boundaries is
uncertain since the two minerals are not closely associated.

6

. Quartz
Excluding bed #2, quartz is always associated with

organic material.

Usually the chert is in the form of

small blebs that appear to replace algal bodies or small
bivalves.

Pyrite often provides a nucleus for the quartz.

Because of the state of compaction of the organic matter,
the chert apparently formed after their compaction.

One

exception is the occurrence of chert inside a spore case.
This spore case is uncrushed and appears to have been sup
ported by the chert.
Silica may have been provided by either the dissolution
of biogenic silica from the sponge spicules present or from
the conversion of smectite to illite.

Early formation

would suggest that the source of silica was solution of
biogenic silica.

7. Possible Hydrothermal Origins
The possibility of a hydrothermal origin for the
authigenic minerals in these rocks should be briefly
examined since hydrothermal deposits do occur in the region
(Adams,

1904).

The nearest of these deposits is in

northern Searcy County near St. Joe, Arkansas.

These
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deposits produced lead and zinc ore during the late
nineteenth century.

They are in rocks of Ordovician age.

Time of mineralization is uncertain.
The ore deposits are often associated with chert and
potassium-feldspar,

but aside from the presence of chert and

albite in bed # 2 , there is no similarity between
mineralization in the hydrothermal deposits and in the
section studied. Since hydrothermal activity would have
affected more than just one bed, a hydrothermal origin for
authigenic minerals in the section should be discounted.
The presence of hydrothermal deposits in the area does
suggest a possible source for an increased geothermal
gradient. Hydrocarbon maturity and conversion of clays to
feldspar both usually occur at burial depths greater than
those reached by the Fayetteville in this location.

An

increased geothermal gradient caused by a deep hydrothermal
event may explain the maturity of the organics and the
presence of authigenic feldspar.

8

. Diagenetic Bedding
In this discussion on diagenesis,

the possibility of

the creation of the limestone layers by diagenetic
segregation of carbonate and clay minerals is addressed.
The idea that rhythmic carbonate and clay sequences may be
produced by the diagenetic segregation of carbonate and clay
minerals was introduced by Kent in 1936. This idea has been
supported by other authors
Eder,

1982; Ricken,

(Sujkowski,

1985? and Hallam,

1958? Hallam,
1986).

1964;

Evidence for
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diagenetic bedding in these other cases includes:
1.

Destruction of fossils in shaley beds

2.

Lateral change from ellipsoidal carbonate nodules
to regular limestone bands

3.

1964).

Hummocky surfaces on limestones beds created b y
coalesing of concretions.

4.

(Hallam,

(Sujkowski).

(Hallam,

1964).

Lack of correlation between carbonate rhythms and
other sedimentary or faunal variations

(Hallam,

1964).

5.

Constant thickness of limestone beds regardless of
thickness of rock succession, or the thicker the
succession, the more limestone beds it contains
(Hallam,

6

.

1964).

Sympathetic and antithetic thickening and thinning
of adjacent limestone beds,

and thinning of

limestone beds over concretions

7.

(Hallam,

1986) .

Loss of porosity in the limestones exceeding the
amount lost due to compaction (Ricken).

8

.

Intense compaction

(80%) of shales

(Ricken).
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9.

Redistribution of major and trace elements

(Ricken).

Most of these indications cannot be found in the
studied section.

As the petrographic study pointed out,

the fossils in the shaley beds are generally better
p reserved than the fossils in the limestones.

There also

appears to be a correlation between the limestone rhythms
and faunal variations in the upper Fayetteville.

Also,

lack of zonation of carbonate grains in the limestones
under cathodoluminesence would seem to indicate one early
stage of grain growth.
Irregularities in bedding such as hummocky surfaces,
thinning over concretions,

and lateral change to nodule

layers occurs in the beds below the studied section,

but it

was not observed in the truly rhythmic part of the
Fayettev i11e .
No good indications were found on the amount of
compaction that had taken place in either the limestones or
the shales. The only good indicator found was the
compressed fracture-fill in figure 28.

The amount of

compaction indicated here is about 25%, but this only allows
calculation of the amount of compaction that had taken place
after the fracture formed.

Much compaction must have

occurred before the rock fractured and the fractures filled
with calcite.
Ricken

(1985)

points to the presence of microstylolites

as evidence that carbonate has been dissolved from the
shales. Microstylolites are present in at least some of the
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shales in the rhythmic upper Fayetteville,

but there is no

evidence that the carbonate dissolved from the shales
contributed to the limestones.

Microstylolitization occurred

after at least partial lithification of the sediment.

This

would probably be too late to contribute to growth of
carbonate grains in the limestones.

It seems more likely

that any carbonate dissolved from the shale would contribute
to fracture filling.
No attempt was made to determine the distribution of
major and trace elements in the samples studied.

The

increase in the amount of dolomite in the shales compared
to the limestones shows that there is a difference in the
carbonate composition between the limestones and the
shales.

This difference in carbonate composition may be

caused by carbonate dissolution in the shales
1979)

(Wanless,

, or by the contribution of ions by clay minerals in

the shales

(McHargue and Price,

In conclusion,

1982).

it appears that there is little evidence

to support the idea that the rhythmic upper Fayetteville is
an example of diagenetic bedding.

Lack of zonation of the

calcite grains indicates that calcite grain growth in the
limestones occurred early and in one stage.

There was

probably little opportunity for any contribution of
carbonate from the shales.
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B . PALEOGEOGRAPHY

During late Mississippian time, northern Arkansas was
5° to 15° south of the paleoequator (Habicht, foldout 5,
1979). The Fayetteville was deposited on a gently
southward-sloping ramp that extended from near the Missouri
- Arkansas border to the Arkoma Basin (Glick, 1979).
to Houseknecht and Viele

According

(1984), the southern margin of

North America was evolving from a passive, rifted margin to
a convergent margin during the Carboniferous. The Ouachita
trough was a well-developed subsiding basin where the
deep-water shales and turbidites of the Stanley were being
deposited.

Quinn (1959, p. 29)

indicates that two

embayments may have existed during Chester time separated
by the Jasper Arch (figure 3).

Wedington deposition was

contained within the western embayment.
During early Fayetteville time, dark gray calcareous
clay was deposited throughout the entire area.

The

benthonic fauna of the lower shale is generally sparse,
indicating that bottom waters were probably turbid and
inhospitable.
About middle Fayetteville time, the Wedington
Sandstone was deposited in northwestern Arkansas.

The

Wedington has been interpreted as a longshore deposit
(Glick,

1979), but it has been more often and more

convincingly interpreted as a delta deposit (McNully, 1966
and Price,

1981).

According to Price (1981)

this delta

prograded in a southeastwardly direction from a drainage
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basin that was not elevated much above sea level.

White

(1937, p .17) suggested from faunal evidence that the
climate at this time was "not wholly favorable to the
development of large size in growth of plants" and was
"probably marked by a seasonal deficiency of rainfall."
Glick (1979)

states that the rhythmically bedded upper

Fayetteville barely laps onto the outer edge of the
Wedington Sandstone, though he does not mention localities
where the two lithologies are present.
lithologies not quite overlapping

Ogren shows the two

(figure 5).

The shale above

the Wedington is more calcareous than the shale below it,
and the upper shale may locally contain thin limestones
(Croneis,

1930).

It seems safe to conclude that the

drowning of the Wedington delta roughly coincided with the
beginning of the deposition of the rhythmic upper
Fayetteville in the Marshall area.
The thicker and more bioclastic section of
Fayetteville limestone in areas to the east,
View

(Handford,

near Mountain

1985) would suggest that a carbonate source

area developed earliest to the east of the Wedington delta.
Drowning of the delta may have allowed for carbonate
deposition to be spread westward.
Figure 29 shows a representation of what the geography
of the area may have looked like during later Fayetteville
time.
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Figure 29.
Paleogeography in Arkansas during later Fayet
teville time.
Modified from Quinn (1959), Glick (1979), and
Handford (1986).
scale
Is 3,500,000
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C. DEPOSITIONAL ENVIRONMENT

1. Introduction
This section discusses the fossil, mineral,

and structural

evidence presented earlier and discusses the implications
for the depositional environment of the rhythmically-bedded
upper Fayetteville Formation.

2. Fossil Indications
All fossil phyla found in the samples or observed in
outcrop

(see Field Work and Petrography sections)

marine environment.

indicate a

Unfortunately, the poor state of pres

ervation of the fossils prevent the identification of genera
in most cases.

The small size of all of the fossils found

would suggest that living conditions were not ideal.
Differences in fossil assemblages can be observed
between the limestones and the shales of the rhythmic
lithology, and between the rhythmic lithology and the
darker shales immediately below it.
The shales of the rhythmic section contain more, but
smaller and thinner-shelled bivalves than the limestones.
Thin sections from the sampled shales at Marshall contain
sponge spicules while the limestones do not, though this may
not be the case for the Fayetteville in other localities
(Spreng, pers. comm.).

The shales also contain more fossil

foraminifers than the limestones.

Fossils are generally

better preserved in the shales than in the limestones so
that one may wonder if the differences in the fossil content
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of the rocks may have more to do with differences in fossil
preservation than differences in fauna at the time of depo
sition.

This could possibly be the case for bivalves, where

some bivalves in the limestones can be seen to have almost
been obliterated by diagenesis.

It might even be the case

for the spicules, which are very common in the shales but
are not found in the rhythmic limestones.

It does not seem

to be true for the foraminifera, however,

since fossil for

aminifers appear to be as well preserved in the limestones
as in the shales.
In general, the shell material in the shales is broken
and was probably transported into the area. The abundant
sponge spicules were also probably allochthonous since most
sponges live on a hard substrate, and it seems unlikely
that the mud that made up the Fayetteville shale provided a
hard substrate.
Shells in the shales are more likely to be elongate
parallel to the bedding, but this may be only an effect of
compaction.

Though single valves are most common in both

the limestones and the shales, two brachiopods in the
limestones were observed in thin section with both valves
together. These brachiopods were crushed by compaction,
indicating that there was some void space inside the shells
after deposition. The angle at which these brachiopods were
found might indicate that the brachiopods had buried
themselves in this position.

Both the presence of void

space inside the shell and the angle of burial indicate that
these brachiopods lived in the carbonate mud that formed
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the limestones and were not transported into it.
The shales below the rhythmic section are much more
fossiliferous than the studied part of the rhythmic
section,

and the fauna here is more diverse and better

preserved.

Still, all forms present are diminutive.

Linguloid brachiopods here may indicate turbid conditions
and a soft substrate

(Heckel,

1972).

Mor e sapropelic

material is present in these shales than in the
rhythmic section. These observations indicate that either
organic production was higher before the initiation of
rhythmic deposition,
slower.

or that the sedimentation rate was

Turbid conditions imply a fairly rapid deposition

rate, but this rate of deposition might still have been
slower than that for the rhythmic section.

3. Primary Structures
Diagenesis has obscured primary features to the point
where the limestones appear generally structureless
sample.

Discontinuous laminations

in hand

and blebs of sapropelic

material are partially preserved in some of the limestones
and in almost all of the shales.

No burrowing is present in

the studied section, though it is quite noticeable in the
rhythmic upper Fayetteville in other locations
1967; and Handford,

1986).

(Frouzan,

Cross bedding in upper Fayettev

ille limestones at nearby Alco,

Arkansas indicate that the

carbonate was carried in by currents and not precipitated in
place.

Few conclusions about depositional environment can

be drawn from the scant evidence of these primary st r u c 
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tures,

except that organic production appears to have

decreased relative to the sedimentation rate when the cyclic
sedimentation began.

4. Mineralogic Evidence
The presence of considerable amounts of phosphatic
material is one of the most striking differences between
the rhythmic section and the shales below it.

The

limestones and shales below the rhythmic section are
generally phosphatic and contain thin discontinuous
stringers of phosphorite

(figure 25).

phosphate enrichment in surface waters,
organic productivity.

Upwelling can cause
and an increase in

It could explain the presence of

both the phosphate and the fossiliferous layers within the
shale. According to Heckel

(1972) upwelling is responsible

for excessive aridity of nearby land. This agrees with the
statement by White

(1932) that fossil flora and fauna of

the Wedington show evidence of having been stunted in
growth.
Primary pyrite is present throughout the studied section
and is indicative of reducing conditions at the time of or
very soon after deposition.

Reducing conditions may be

caused by stagnation of overlying water or rapid burial of
decaying organic material.

Rapid burial of organic material

seems like the more reasonable explanation,

since it would

be difficult to imagine conditions that would create
widespread stagnant water on a shallow marginal marine shelf
area.
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5. Conclusions
The limestones and shales below the rhythmic section
probably represent the end of a period of upwelling on this
shallow shelf adjacent to the Arkoma Basin.

At this time

the Wedington delta was active, but not much sediment
reached the area near what is now Marshall, Arkansas.

This

may be because of a low barrier formed by the Jasper Arch,
or because of the low-lying,

arid nature of the source

area. Enough sediment did reach the area to create turbid
conditions for the organisms living here.

Organic

production was relatively high due to the nutrient-rich
water upwelling from the deep ocean.
A change in ocean currents relative to the land mass
may have caused both the cessation of upwelling,
drowning or receding of the Wedington delta.

and the

At this

time, the Marshall area began to receive more calcareous
sediment in the form of lime mud. This mud may have formed
in situ or it may have been transported from an area of high
carbonate production, east of the Marshall area.
ically,

Period

clastic deposition decreased relative to carbonate

deposition.

A change in fauna also occurred along with the

relative increase in carbonate.

Handford (1986)

concluded

from a study of the upper Fayetteville Formation and Pitkin
Formation that storms periodically scattered carbonate
debris in the area,
tions of turbidites.

and that the micrites are distal por
There are no structures in the micri

tes that I studied to suggest this is the case.

Instead,

the fact that many of the bivalves in the limestones still
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have both valves joined suggests that they are not storm
deposited.

Since the limestones higher in the section are

about the same thickness as the lower limestones,
thicknesses of the shale beds vary,

and the

it is reasonable to con

clude that the elastics were periodically introduced.

Regu

larity of the interbedding suggests a seasonal variation.
Annual flooding of a normally arid source area would have
produced periodic increases in clastic deposition.

It seems

likely that seasonal storms carried elastics into the area
and as the delta receded this effect decreased.
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D. SUMMARY

1. General
Late lithification of Fayetteville sediments allowed
much early

(pre-lithification)

diagenetic alteration.

of this diagenesis occurred in the deeper burial,
zone.

Much

connate

The early diagenetic alterations include:
1. Pyrite formation
2. Dissolution of biogenic silica
3. Chert formation
4. Calcite neomorphism
5. Dolomite formation in limestones #11 and #23

All of these diagenetic changes in addition to
compaction worked to create a very impermeable sediment at
the time of lithification.
lithification,

After, or near the time of

more alteration occurred:

1. Pressure solution and microstyolite formation in
shales.
2. Dolomite formation in shales.
3. Smectite to illite conversion.
4. Possibly,

formation of cubic pyrite, dolomite,

and

finally chert at the boundaries of bed #2 .
5. Albite formation.
6

. Possibly formation of more calcite as pore- and
fracture-filling.

Further alteration occurred much later when the rock
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became exposed to fresh water.

This includes:

1. Alteration of pyrite to limonite.
2. Gypsum formation on bedding planes.
3. Solution and calcitization of dolomite.

The Fayetteville Formation was deposited on a gently
southward-sloping marginal marine ramp.

It was deposited at

tropical latitudes adjacent to a slightly elevated land mass
that possibly had an arid or semi-arid climate.

Little sedi

ment from the Wedington delta reached the Marshall area, pos
sibly because of the aridity of the adjacent land, or possi
bly because the Jasper Arch created a low barrier to sediment
transportation.
During the Carboniferous, the southern edge of the North
American Plate was evolving from a passive margin to a con
vergent margin.

Tectonics must have played a part in the

changing depositional patterns of the Fayetteville Formation.
An apparent cessation of upwelling and the introduction of
lime muds from the east initiated the deposition of the
rhythmic lithology.

2. Cause of Cvclicitv
In the past, most sequences similar to the limestoneshale rhythms of the upper Fayetteville Formation have been
interpreted as primary.

A few authors, however, have sug

gested that this interesting-looking bedding may be the prod
uct of diagenetic segregation of carbonate and clay minerals
(Hallam,

1964? Sujkowski,

1958? Eder,1982? Ricken,

1985).
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It seems evident that the rhythms of the upper Fayetteville
are primary,

since increases and decreases in carbonate to

clastic ratio are accompanied by faunal changes.
It is possible that some diagenetic enhancement of the
carbonate layers may have occurred, but no evidence of
carbonate segregation from the shales was found.

Cathodo-

luminescence indicated no changes in iron content of the
carbonate from the edges toward the center of a bed.

There

was no unusual compaction such as that noted by Ricken
(1985), and no structures were found that might be associ
ated with carbonate exchange between shales and limestones
(Ricken). Beds below the studied section were noted to thin
over concretions,

and Hallam points to this as characteris

tic of diagenetic bedding, but this was not noted in the
rhythmic part of the sequence.

The cause of the rhythmicity of the alternating
limestone-shale lithology is unclear.

Possibilities

include: periodic storms spreading carbonate mud away from
its source and into the Marshall area; autoswitching of a
distant delta periodically introducing clastic mud into the
area; periodic subsidence related to tectonic movements in
the area; and world-wide rise and fall of sea level.
There is no indication that drastic changes in sea
level occurred.

Water depth was probably not more than

20-30 meters throughout deposition of the study section
(Handford, 1986).

Sutble changes in water depth are a pos

sibility, but the most likely cause of changing sediment
composition is probably one of those related to changing

86
sediment source areas, such as autoswitching or storms.
Handford (1986) concluded that the upper Fayetteville
and Pitkin were deposited on a storm-dominated muddy shelf,
and that limestone-shale alternations were the product of
periodic dispersal of carbonate sediment by storms.

Evi

dence from this study suggests that is was the clastic mud
that periodically diluted the carbonate sediment.

Regular

ity of the interbedding suggests a seasonal variation in
climate.

Annual flooding of a normally arid source area

would have produced periodic increases in clastic deposi
tion.
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